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LOW DENSITY POROUS CROSS-LINKED POLY MERIC MATERIAL »»n 
THEIR PREPARATI ON AND USE AS CARRIERS P QR INCLUDED r.TnrtTnd 

This invention relates to porous polymeric materials; 
more particularly to cross-linked polymeric materials of 
exceptionally low density and high absorbency and to 
methods of their production and to such polymeric materials 
containing in their pores included liquids. 

It has previously been proposed in US Patent No. 
4,039,489 to prepare relatively low density oil absorbent 
polymeric materials in the form of polystyrene arid 
polyurethane foams using various foaming agents. In 
British Patent No. 1,291,649 proposals have been made to 
prepare a relatively low density, oil absorbent, polymeric 
foam by the inclusion of a volatile material into a 
pre-polymer and then rapidly reducing pressure and 
. permitting the volatile material to expand the polymeric 
15 material to generate the foam. 

in US Patent No. 3,988,508 Lissant has disclosed the 
production of polymeric materials by polymerisation of an 
oxl-m-water emulsion system having a high internal phase 
ratio of monomer to water, preferably 85-95%, although the 
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disclosure is of monomer water ratios in the range 20:80 to 
95:5 without a cross-linking agent. 

The study of high internal phase emulsions has been 
carried out for many years and the basic theory behind 
5 their preparation and structure has been discussed by 
K.J. Lissant in "Surfactant Science Series", Vol.6, 
"Emulsion and Emulsion Technology", Part 1, edited by 
K.J. Lissant, Marcel Dekker Inc., New York, 1974. In this 
work Lissant discusses the geometrical packing of droplets 

10 in high internal phase emulsions and suggests that especial 
care must be exercised in selecting emulsifying agents for 
such compositions and that, in the region of 94-97% volume 
percentage of internal phase, critical changes occur in the 
high internal phase emulsion (HIPE). Beerbower, Nixon, 

15 Philippoff and Wallace of Esso Research and Engineering 
Company have studied high internal phase emulsions as 
safety fuels, such compositions containing at least 97% by 
weight of hydrocarbon fuel (ref. American Chemicals 
Society, Petro-chemical Pre-prints, 14, 79-59, 1969). 

20 In US Patent No. 3,255,127, polymeric materials are 

disclosed which are prepared by polymerisation in reversed 
emulsion. In this specification a relatively small 
proportion of water is emulsified into a mixture of 
emulsifier, catalyst and monomer and the emulsion so 

25 produced is mixed into a far larger proportion of water, 

usually containing a stabiliser such as polyvinyl alcohol, 
which keeps the droplets of reversed emulsion in a 
relatively stable form. Polymerisation takes place in a 
period of the order of 24 hours at 55°C to yield 

30 particulate polymer or polymer block which can readily be 
broken down to give a particulate polymer. 

In British Patent No. 1,576,228 AKZO disclosed the 
production of thermoplastic raicroporous cellular structures 
comprising microcells having an average diameter of 0.5-100 

35. microns with smaller diameter pores connecting the 

microcells. These structures are made by dissolving a 
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suitable thermoplastic poller in a solvent at el. - 
temperature and then coolina m n elevated 

cn c °oJ.ing the solution t-n o^i-j-^ 
polymer and then removing the liauidT ! * 
polymer structure. Thi! T the ™°Plastic 
application to polymer Chrr" 3 " ""^ *» 

appropriate solvit * -» 

In British Patent No. 1,513 939 v , 
Akademie Ved also disclosed Z I' CeSk ° Sl ° Vens *a 
Polymers, but these are for s Pr ° au " ion ° f P°™us 
r lesced to form I Z^^^^ » 
homogeneous or uniform in lt3 ^ rosity Cl "' l » " 0t b * 
are prepared by dissolving the^ "to Z\Z"Z ^ 
solvent and then dispersina th* e , t • 3 
oarrier iiguid and t ^ ^ « 

liquid such as water to precipitate le COa ^ la «"9 
Polymer. Th is process il also U t « f " 

cross-linked polymers arP , 

t^J-yjiiers are desired thev can nni„ u 

by a random linking of pre-formed t 7 Produced 

British Specif icat L ^Tooo WO ^ 
Production and use of cross -Lked ° SeS ^ 

The heads may he used c» ^ " 

mixtures and typicallv „ c ^P°nents from l iguid 

a typically have a pore volume of 2 42 m / 
are hard enough to be DS pV d ^ • fc 1/g and 

British L V 10 abs ° rbenc Y columns. 

British Specification No. 1,45a 2 m «, 

Preparation of m cellular ^ tlc ^ s b v 

emulsion containing „p t0 90 Mr " ° * CUr1 " 9 " 

by TOlght of poULriii;:: 9 " o£ — to 10 

In British Patent No. l 42 a ns t^ t 
desirability of maximising ^ ^ J" °» th. 

extended polymers but «, * ° f Water 

exoeripn V 7 SU " eSt that difficulty was 

experienced in obtaining water-in-on , • 
contents in excess of 88a h visions with water 

excess of 88% by weight water. 

It has now been founH +-h = <- u 
linked poiymer blocks 1 J"" h ™°*~ PO«U3 cross- 
density, a high lacity of ah : red ' ^ lo « 

and, due to their cros , „ , " liquid. 

crosa- llnked polymeric na[ure< ^ abuity 
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to carry liquids significantly better than that of hitherto 
known porous thermoplastic compositions. 

In addition, these cross-linked polymers have a 
greater dimensional stability than that of polymers which 
possess a significant elasticity due to their lack of 
cross-linking. 

The present invention provides a porous homogeneous 
cross-linked polymeric block material having a dry density 
of less than 0.1 g/cc , and formed as a cross-linked porous 
structure having a pore volume of more than 9 cc/g and an 
absorbency for hydrophobic liquids defined in terms of 
oleic acid of at least 7 cc/g. The porous material 
provided by this invention comprises a series of pores 
interlinked with pinhole apertures, hence giving a material 
of exceptional absorbency. 

The present invention provides such a porous polymeric 
material in which the pore system may contain an included 
liquid or air or other gaseous material. 

Accordingly, the present invention also provides a 
porous polymeric material having a dry density of less than 
0.1 g/cc, preferably from 0.02 to 0.08 g/cc, comprising 
linked pores having a pore volume of more than 9 cc/g, 
preferably more than 15 cc/g, and containing in the pores 
an aqueous or non-aqueous liquid. 

The polymer/liquid composite of the invention 
preferably consists to an extent of at least 90%, 
preferably at least 95%, by weight of liquid, defined in 
terms of water. 

Because of the structure of the polymer the liquid is 
retained in the pore system of the polymer and has little 
or no tendency to escape under the influence of gravity, 
but it can readily be expressed by pressing at hand 
pressure the cross-linked polymer block. 

After the liquid has been expressed from the block, 
the non-elastic polymer block does not regain its original 
shape or pore structure. 
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The transfer or replacement of included liquid from 
the polymer may be carried out in various ways. 

With many liquids which adequately wet the polymer 
transfer can be achieved by diffusion of the liquids 

In the case of liquids for which the polymer does not 
have a high affinity, for example, aqueous liquids, the 
transfer operation may be vacuum-assisted. 

Clearly this absorbency will be related both to the 
hydrophobics of the absorbate and to its viscosity 
Likewise, if the absorbate acts as a solvent for the 
cross-linked polymeric material, again, absorbency will be 
reduced since the structure of the polymeric material will 
be lost. 

It has been observed from microscopic inspection of 
samples of the porous polymer that it essentially comprises 
a series of substantially spherical, thin-walled cavities 
having a plurality of holes in the walls interconnecting 
the adjacent cavities. Frequently six or more holes can 
be seen in the cavities on inspection of electron- 
micrographs of polymer samples. It has been determined 
that the absorbency in terms of maximum oil uptake is 
related to the size of the cavities, expressed in terms of 
voids diameter and the number and size of the holes in the 
cavity walls, expressed in terms of pinholes. 

In general it is desirable that the average pinhole 
diameter should not be less than 0.5 „ and the average 

void diameter should be at least 20% greater than that 
figure. 

The mechanism by which the holes form in the thin- 
walled cavities is not fully understood. However 
experimental work suggests that it is related to the 
quantity of surfactant present and its compatibility with 
the cross-linked polymer and, hence, also, to the degree of 
cross-linking in the polymer. It is thought that prior to 
polymerisation the high internal phase emulsion consists of 
three mam elements: monomer and surfactants in the 
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continuous phase and water in the internal phase. The 
continuous phase, which consists of a homogeneous solution 
of surfactant and the monomer and cross-linking agent and, 
in this situation, the surfactant is compatible with the 
5 monomer mixture. It is thought that at this stage there 
are no interconnecting holes present in the external phase. 
During polymerisation chain propagation takes place and as 
the surfactant is not polymerisable and has no reactive 
sites in its structure, it cannot take part in the 

10 polymerisation reaction. As a result, the surfactant 
molecules separate because the surfactant is no longer 
compatible with the growing polymeric structure and is also 
insoluble in the water phase. Due to the nature of a 
surfactant, the aggregated molecules of surfactant remain 

15 part of the polymer phase and probably cause the production 
of weak spots and subsequent pinhole formation in the 
cross-linked polymer film. 

The homogeneous structure of the porous polymer blocks 
provided by this invention can be contrasted with the 

20 structure obtained by compressing together polymer beads. 

Clearly, when porous polymer beads are compressed and 
bonded together to form a block, many of the cavities and 
interconnecting pores on the surface of the beads will be 
blocked and form non-homogeneous zones in the polymer block 

25 and the compressive forces applied will further increase 

the density of the porous polymer in these non-homogeneous 
zones. 

In the blocks provided by this invention the interior 
of the blocks is homogeneous and, if the outer skin of the 
30 blocks, which is formed in contact with the container of 
the emulsion, is removed, then the blocks are homogeneous 
and uniform in pore and cavity distribution. 

Another factor affecting the structure of the porous 
cross-linked polymer is the structure of the high internal 
35 phase emulsion from which it is formed. This can most 
readily be defined in concepts of viscosity and Table I 
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and II indicate the effect cf stirrer speed on two typical 
e*u sxons and show the viscosity of emulsions produced at 
different stirrer speeds and the detailed structure of the 

the different stirring rates. 

The basic emulsion used in the work shewn in Table I 
contained 10 ml styrene , 1 ml divinyl ^ 

of Span 80 and 200 ml wa ter containing 0.2% sodium 
Persulphate. The emulsion used for the work in Table II 
was the same except that 300 ml water were used and in each 
case the preparation was carried out generally as descr ^ 
m Example I below. DM 

The emulsions were prepared at stirrer speed of 
200 rpm and after all the components had been mixed the 
samples of the emulsion were stirred at the speeds shown in 
t e Tables for 30 minutes prior to cross-linking tQ y Zl 
the porous cross-linked polymer samples. 

Viscosity measurements were made used using Brookfield 
Viscometer fitted with a ■<:■ spindle at, as shol in th 
Tables, 10 and 20 rpm. 
Table I 



10 RPM 



Viscosity of emulsion 
for polymerisation 



20 RPM 



Motor 


Visco- 




Visco- 




Speed 


meter 


x 10 3 


meter 


x 10 3 


(RPM) 


Readinq 


poise 


Readinq 


poise 


200 


12.3 


12.3 


14.5 


7.3 


300 


21.8 


21.8 


24.5 


12.3 


500 


23.2 


23.2 


26.5 


13.3 


800 


50.8 


50.8 


55.0 


27.5 


1000 


60. 8 


60.8 


69.9 


35.0 


2000 


100+ 


100+ 







Structure of 
cross-linked 
polymer (averaopl 
Inter- 
Sphere connecting 

size pore 
( UI ") size ( um) 
38.4 5.3 
25.1 4.x 
15.4 2.8 
9-1 1.6 
8.1 1<4 

7-1 1.0 
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Table II 



Structure of 

Viscosity of emulsion cross-linked 
for polymerisation polymer (average) 





10 RPM 




20RPM 






Inter- 


Motor 


Visco- 




Visco- 




Sphere 


connecting 


Speed 


meter 


x 10 J 


meter 


x 10" 3 


size 


pore 


(RPM) 


Reading 


poise 


Reading 


poise 


( urn) 


size ( urn) 


200 


7.1 


7.1 


8.0 


4.0 


45.8 


5.4 


300 


13.5 


13.5 


15.0 


7.5 


20.0 


4.0 


500 


18.8 


18.8 


21.5 


10.8 


17.1 


2.4 


800 


34.9 


34.9 


42.4 


21.2 


11.7 


1.5 


1000 


39.7 


39.7 


46.6 


23.3 


8.4 


1.5 


1500 


43.4 


43.4 


54.1 


27.1 


9.0 


1.3 


2000 


55. 6 


55.6 


61.8 


30.9 


7.7 


0.95 



It will be seen from the tables that the emulsion 
viscosity has a clear relationship with the pore or cavity 
size of the cross-linked polymer and with the size of the 
holes or interconnecting passages between the cavities. 

20 Clearly by selecting the appropriate stirrer speed and 

hence viscosity of the emulsion the size of the cavities in 
the cross-linked polymer can be quite closely controlled. 

Various monomers may be used in the preparation of the 
porous polymers provided by this invention and a preferred 

25 polymer is a lightly cross-linked polystyrene containing a 
small proportion of divinylbenzene . Additionally, the 
polymeric materials have been made using various acrylate 
polymers cross-linked with, for example, allyl 
methacrylate. 

30 In general it will be noted that the ratio of sphere 

or cavity size to the size of the interconnecting pore or 

pinhole is of the order of 7:1. 

Preferably, the polymerisation catalyst is in the water 

phase and polymerisation occurs after transfer of the 
35- catalyst into the oil phase. Alternatively, the 

polymerisation catalyst may be introduced directly into the 
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oil Phase. suitable water-soluble catalysts include 
potassmm persulphate and various redox systems such as 
"°™ "-sulphate together with sodium metabisulphite 

r r : catalysts inciude . 

(AIM). benzoyl peroxide and di-2-ethyl-hexyl-peroxy- 
dicarbonate. The temperature at which the polymerisation 
is carried out can be varied fairly „ ide lv b l w ! 
and 90°r- k .4. • , widely between about 30 

and 90 c, but is clearly related to the particular 
catalyst initiator employed. 

The surfactant used in maMng the high internal phase 
emulsion which is to be polymerised is falrly critical 
although the long-term stability of the high inter I ^hase 
mulsion is not an important factor provided that it is 
ong enough to maintain stability during polymerisation 
using the well Known HLB terminology i„ relatio „ to 
surfactants, it is desirable that the surfactant hast HLB 
value of less than 6 and more than 2, preferably about 4 

sI7 : n Ih the Crlterl ° n U " et ' ^ -^-tants a 'be 
used in the preparation of the porous cross-linked 

polymers. Amongst those suitable may be included- 
Nonxonic 

Sorbitan monoleate (Span 80) — 
Glycerol monoleate 4 * 3 
Glycerol raonoricinoleate 3 ' 8 
PEG 200 dioleate 4,0 
Partial fatty acid esters of poly g ly ce rol *'* 

(Admul Wol 1403 ex Food Industries Limited 

of Broinborough , England) 
Castor oil 5-10 EO 

Cationic 3-6 
Distearyl dimethyl ammonium chloride 
Dioleyl dimethyl ammonium chloride 
Anionic 

Bis-tridecyl sulphosuccinic acid (Na salt) 

Experimental work has shown that the amount of 
surfactant in the system is critical and that if 
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insufficient surfactant is employed the cavities have 
insufficient holes to generate the desired absorbency. 

An indication of this effect is shown in Figure 1 of 
the accompanying drawings which shows the effect of the 
5 concentration of surfactant on the oil-absorptive abilities 
of a 96.5% internal phase emulsion prepared as described in 
Example I of this specification. From this work it will 
be apparent that the optimum concentration of surfactant by 
weight of monomers is of the order of 20%, but useful 

10 results can be obtained in the range 5 to 30% and, 
preferably, 15-25%. 

The polymers provided by this invention can be 
prepared by first forming a water-in-oil high internal 
phase emulsion system where the oil phase is constituted by 

15 the monomer or mixture of monomers, together with a small 
amount of a cross-linking agent. The polymerisation 
initiator or catalyst can be dissolved in either the water 
phase or in the oil (monomer) phase. The high internal 
phase emulsion system is prepared by the slow addition of 

20 the aqueous internal phase to the oil (monomer) phase in 

• - which the emulsifying agent (surfactant) is preferably 

dissolved, using a moderate shear stirring. Conveniently 
the container in which the polymerisation is carried out is 
enclosed to minimise the loss of volatile monomers and the 

25 emulsions are thermally polymerised in the container. The 
water in the cavities or voids in the polymer structure can 
be exchanged for other liquids or readily removed by 
subjecting the polymer to a vacuum, or leaving the material 
to dry in a dry atmosphere at between about 30 and 60°C. 

30 Liquids can then be reintroduced into the dried polymer, 
preferably after removing the air under reduced pressure. 

The present invention also provides a process for the 
preparation of a homogeneous porous cross-linked polymeric 
block material in which the monomers are polymerised in the 

35 form of a high internal phase emulsion comprising, as the 
internal phase, at least 90% by weight of the emulsion of 
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15 
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water; the remainder of polvmerisahi * 

t^j-iinerisaDie monomers, and fmm c 

to 30, by veight of th. .nono^s c £ surfactant S t rll 

that thl CM ^ ° £ My ~ ient -«P- to ensure 

that the bloc* prepared oa„ be in the desired shape for its 
intended end-use and does hot restrict the process to 
containers in which agglomeration of beads under pressure 
can be carried out. 

The homogeneous porous cross-linked polymeric block 
catena! provided by this invention may be washed and dried 
to yxeld an absorbent block which is especially useful for 
the absorption of hydrophobic materials such as oils. The 
block material is capable of retaining at least 10 times 
its own weight of liquid defined in terms of water 
Preferably at least 15 times and,, in its most preferred 
form, at least 35 times its own weight of water, up to a 
possible maximum of 65 times its weight of water 

in thatYTT f° Vided ^ inVSnti0n **' be 

in that xnstead of using water as the internal phase, an 

aqueous liquid may be used which contains a useful solute 
Such a polymerisation in situ method can of course be used 
only for aqueous liquids that do not destabilise the high 
internal phase emulsion. It is not suitable, for example, 
for Ixquxds containing high HLB surfactants which would 
destabilise the emulsion. 

One class of li quids that is suifcable for lnc 
polymerisation in_situ is comprised of solutions of oxygen 
bleaches, especially hydrogen peroxide-based bleaches 

The following examples illustrate the preparation of 
the porous polymeric materials provided by this invention. 

The Words "Span", "Anf-arnv" nr. , . . 

pcm , Antarox , Polyhipe" and "Admul" 

are trade marks. 
Example 1 

10 ml of styrene, 0.5 ml commercial divinylbenzene 
containing 0.25 ml ethyl vinylbenzene , 2 g emulsifier 
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(Sorbitan monoleate Span 80) were mixed together in a 
plastic beaker at 15°C, a protective film was placed 
over the beaker after the stirrer was positioned to reduce 
the evaporation of the monomers. The stirrer speed was 
5 adjusted to about 300 rpm, 0.7 gm of potassium persulphate 
was dissolved in 350 ml of distilled water and the 
resulting solution was then. added into the beaker drop by 
drop until the total 350 ml of the solution had been added. 
In this way a thick creamy white stable emulsion was 

10 obtained and this emulsion was polymerised in a sealed 

plastic container at 50°C for three days. The resulting 
water-filled polymer was cut into small blocks and was 
dried under a dry atmosphere at 25-30°c. The dried 
polymer has a semi-flexible structure and interconnected 

15 voids. This polymer, when placed in oleic acid, absorbed 
at least 30 times its own weight of the acid in about 10 
minutes; also when the polymer was placed in a mixture of 
oleic acid and water it absorbed effectively only the oleic 
acid. The polymer had a dry density of 0.037 g/cc and a 

20 pore volume of 27 cc/g. 
Example 2 

10 ml styrene, 0.25 divinylbenzene , 2 ml Span 80 were 
mixed together at 25°C in a plastic beaker. 300 ml of 
0.25% solution of potassium persulphate in distilled water 

25 was added to the monomer phase and polymerisation was 
carried out at 60°C for 8 hours by exactly the same 
procedure as described in Example I. This polymer, when 
placed in heavy grade liquid paraffin of density at 20°C, 
0.870-0.890 and viscosity 178 CP at 25°C it absorbed 

30 about 20 times its own weight of the paraffin. The 

polymer had a dry density of 0.044 g/cc and a pore volume 
of 22 cc/g. 
Example 3 

8.5 ml of styrene, 1.0 ml monooctyl itaconate, 0.5 ml 
35- divinylbenzene, 0 . 2 ml di-2-ethyl hexyl peroxydicarbonate 
(as an initiator) and 2 ml of nonyl phenol/1.5 EO - Antarox 
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C 0210 were mixed together at 15°c. 200 ml of distilled 
water was added into the monomer phase and polymerisation 
was carrxed out at 50°C for 24 hours, following the same 
procedure as set out in Example z. This poiymer , when 
Placed in oleic acid, absorbed about 15 times its own 

tit °f oie , ic acia - The t ° itm " haa * ** *™»ty °£ 

0. 061 g/cc and a pore volume of 16 cc/g. 
Example 4 

5 ml of styrene, 5 ml of butyl methacrylate, 0 25 „i 
o ally! methacrylate ,as a cross-linxing agent! ann 2 m 
of Span 80 were mixed together at 20°c in a plastic 
beaxer. 300 ml of 0.2* solution of potassium persulphate 
was added to the monomer phase and polymerisation was 
earned out by exactly the same procedure as described in 
15 Example 1. The dried polymer, when placed in pertume , 
absorbed about 50 times its own weight of perfume and 
subsequently released it very slowly. The ariea 
had a flexible structure. 
Example 5 • 

20 10 ml styrene, 1 ml divinylbenzene ( 50% ethyl 

vinylbenzene), 2 g Span 80 . were ^ ^ 

0. 2% solution of. sodium persulphate in distilled water was 
added to the monomer phase and the resulting emulsion ™ 

01, en S e d ln exactly the same way as described in Example 

1. The polymer, when dried, absorbed about 40 times its 
own weight of'oleic acirf aff . 

y uxeic acid. After removing the soluble 

impurities by methanol, using a soxhlet extractor, the 
polymer absorbed about 43 times its own weight of oleic 

bo Tot r 7 density ° f the p ° iymer aft - ™ 

30 0.025 cc/g and the emulsion contained 97.8% dispersed 
aqueous phase. 
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Examples 6 to 27 

Using the general procedures set out in Example 1 work 
was carried out using the materials set out below and in 
Table III which gives data on Examples Nos. 6 to 27. 
5 Key to materials used in Examples 6-27 
and set out in Table III 
Materials used in external phase 
A styrene 
B butyl styrene 
10 C butyl methacrylate 
D ethyl methacrylate 

E approx. 50% divinylbenzene + 50% ethyl vinyl benzene 

F Allyl methacrylate 

G N-octadecyl succinic acid 
15 H Span 80 (sorbiton mono-oleate) 

J Ethomeen 18/12 (bis- ( 2-hydroxyethyl Joctadecylamine ) 

K Arodobs (Dob 102 acid + Arromox DMHTD 

alkyl benzene sulphonic acid + dimethyl 
hardened tallow, amine oxide) 
20 L Admul wal 1403 (partial fatty acid esters of 
■ • polyglycerol ) 

N benzyl peroxide 

Materials used in internal phase 

0 water 
25 P glycerol 

Q sodium persulphate 

R potassium persulphate 

S 2, 2-azobis- ( 2-amidenopropane ) hydrochloride 
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Table III 

Constituent-.; 

A (ml) 

B (ml) 

C (ml) 

D (ml) 

E (ml) 

F (ml 

G (g) 

H (g) 

J 

K 
L 

N ( % on monomer) 
0 (ml) 
P (ml) 

Q (% internal 

Phase) 
R (% internal 

phase) 
s (% internal 

phase ) 
Properties 
% internal phase 

to monomers 
Appox. oil 

uptake (w/w) 
Approx. dry 
density g/ cm 2 
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Ex.6 
10 



300 



0.2 



96.5 



23 



0.04 



*L* Ex^9 Exao Bx . u 
10 10 10 5 



0-5 0.5 



200 150 «o ioo 100 

°* 2 0.2 0.08 0.15 0.15 



94 ' 8 ".2 90-1 94> 8 



12 10 



12 



13 



0-065 0.082 0.099 0.06 0 . 06 
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Ex.12 Ex.13 Ex.14 Ex.15 Ex.16 Ex.17 
5 10 9 9 5 



0.5 



0.5 



100 



0.15 



200 



0.2 



100 



0.5 



300 



0.2 



1 
1 



Table III contd. 
Constituents 
A (ml) 
B (ml) 
C (ml) ' 
D (ml) 
E (ml) 
F (ml) 
G (g) 
H (g) 
J 
K 
L 

N ( % on monomer) 
0 (ml) 
P (ml) 

Q (% internal 

phase) 
R (% internal 

phase ) 
S (% internal 

phase ) 
Properties 
% internal phase 

to monomers 
Approx. oil 

uptake (w/w) 
Approx . dry 

density g/cm 3 0.06 0.065 *0.055 0.04 0.040 0.045 
* Dry density after washing with methanol/water . 



300 



0.2 



13 



12 



15 



24 



24 



300 



0.1 



94.8 94.8 94.8 96.5 96.5 96.5 



20 



10 



15 



20 



25 



30 
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Table III cant* 

Constituents 

A (ml) 

B (ml) 

C (ml) 

D (ml) 

E (ml) 

F (ml) 

G (g) 

H (g) 

J 

K 

L 

N (% on monomer) 
0 (ml) 
P (ml) 

Q (% internal 

phase) 
R ( % internal 

phase ) 
S (% internal 

Phase ) 
Properties 
% internal phase 

to monomers 
Approx. oil 

uptake (w/w) 
Approx . dry 




300 



0.1 



20 



200 



0.1 



13 



Ex.20 
10 



1 

200 



12 



Ex.21 
10 



200 



0.1 



12 



?•«»« 0-06 0.06 0.06 , 0 . 034 



density g/cm 3 
Dry density after washing wish methanol/water . 



Ex.22 
10 



240 
60 

0.2 



96 ' 5 94 ' 8 94.8 9 4. 8 96 . 5 



24 
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Table III contd. 
Constituents Ex.23 
A (ml) 10 
B (ml) 
5 C (ml) 
D (ml) 

E (ml) 1 
F (ml) 
G (g) 

10 H (g) 2 
J 
K 
L 

N ( % monomer ) 
15 0 (ml) 100 
P (ml) 100 
Q (% internal 

phase) 0.2 
20 R ( % internal 
phase ) 
S (% internal 

phase ) 
Properties 
25 % internal phase 

to monomers 94.8 
Approx. oil 

uptake (w/w) 13 
Approx. dry 
30 density g/cm 3 *0.06 



Ex.24 Ex.25 Ex.26 Ex.27 
15 15 15 15 



200 200 200 200 



0.2 0.2 0.2 0.2 



92.6 92.6 92.6 92.6 



12 



11 



10 



0.08 0.078 0.083 0.087 



* Dry density after washing with methanol/water . 



00601 38 



19 " cT. 105/107 

Example 28 

Polyhipe with silica particles 

10 ml styrene, 1 ml divinylbenzene ( 50 ethyl vinyl 
benzene), 1 g Span 80 and 1.5 g silica (Aerosil R972 ex 

■ 5 Degussa) were mixed together. 200 ml of 0.5% sodium 

persulphate was added to the. above mixture and polymerised 
by the method described in Example 1 to produce a porous 
material known as Polyhipe. After drying, the resulting 
polymer absorbed about 10 times its own weight of oleic 

10 acid. 

Example 29 

Preparati on of porous polymer containing 
a streak- free cleaning composition 

A liquid cleaning composition was prepared as follows: 

% by weight 

C 12~ C 15 P rima ry straight-chain alcohol, ~ 

condensed with 7 moles of ethylene oxide io 
Partial ester of a styrene-maleic anhydride 
copolymer, neutralised to the sodium salt 
20 (av.mol.wt. 10,000; theor. acid no. 190) 2 

Demineralised water, perfume to 100 

This composition was then diluted 10Q-fold in 
demineralised water. 

A polymer was prepared as described in Example 2 and 
25 dried under a dry atmosphere at 25-30°C. The dried 

polymer was washed out several times with ethanol, using a 
Soxhlet extractor, and then dried again in a dry atmosphere 
at 25-30 C. It was then filled under vacuum with the 
diluted liquid composition given above. The liquid uptake 
30 was 96% by weight. 

The resulting polymeric material containing a liquid 
cleaning composition was a solid block feeling only 
. slightly damp to the touch. Liquid could be expelled only 
by pressing or squeezing. 
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Example 30 

With hydrogen peroxide 

Styrene 10 ml 

DVB 1 ml 

5 Span 80 28 g 

Water (25% hydrogen peroxide 300 ml 

0.2% potassium persulphate) 
The cross-linked polymer containing H 2 0 2 was used 
as a stain remover on textile fabric. 
10 Example 31 

Large scale preparation ( 26 Kg) 

Styrene 800 ml 

DVB " 80ml 
Span 80 160 g 

15 were mixed together at 20°C in a hydrophobic container, 
25 1 of water (+0.2% sodium persulphate) were added 
( 12 1/hour) to the monomer phase with moderate stirring 
(using a helical paddle stirrer coated with PTFE). 
The resulting emulsion was polymerised at 60°c 

20 overnight and yielded a block of homogeneous cross-linked 
polymer according to this invention. 
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CLAIMS: 

1. A porous homogeneous cross-linked polymeric block 
material having a dry density of less than 0.1 g/cc and 
formed as a cross-linked porous structure having a pore 
volume of more than 9 cc/g and an absorbency for 
hydrophobic liguids defined in terms of oleic acid of at 
least 7 cc/g. 

2. A porous homogenous cross-linked polymeric block 
material as claimed in claim 1 having a dry density from 
0.02 to 0.08 cc/g. 

3. A porous homogenous cross-linked polymeric block 
material as claimed in claim 1 or claim 2 and containing, 
included in the pores, an aqueous or non-aqueous liquid. 

4. A porous homogenous cross-linked polymeric block 
material as claimed in any one of the preceding claims 
capable of retaining at least 25 times its own weight of 
liquid defined in terms of' water. 

5. A porous homogeneous cross-linked polymeric block 
material as claimed in claim 4, capable of retaining at 
least 40 times its own weight of liquid defined in terms of 
water. 

6. A process for the preparation of the homogenous porous 
cross-linked polymeric block material in which the monomers 
are polymerised in the form of a high internal phase 
emulsion comprising, as the internal phase, at least, 

90% by weight of the emulsion of water; the remainder of 
polymerisable monomers and from 5-30% by weight of the 
monomers of a surfactant and from 0.0005 to 10% by weight 
of the monomers of a polymerisation catalyst. 
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7. A process as claimed in claim 6, in which the block 
material, having included water in its pores, is carefully 
dried to produce a dry polymer as claimed in claim 1 or 
claim 2. 

8. A process as claimed in claim 6, in which the polymer, 
having included water in its pores, is exchanged with an 
aqueous solution or a non-aqueous liquid. 

9. A process as claimed in claim 6, in which the water in 
the internal phase also contains a useful solute. 

10. A process as claimed in claim 6, in which the 
surfactant has an HLB value in the range 2-6. 
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Description 



70 



15 



This invention relates to porous polymeric materials; more particularly to cross-linked polymeric 
materials of exceptionally low density and high absorbency and to methods of their production an to such 
polymeric materials containing in their pores included liquids uuumon ana to such 

It has previously been proposed in US Patent No. 4,039,489 to prepare relatively low densitv oil 
2pnt . R POy rp C mat M nalS 10 the f ° rm ° f P°'vstvrene and polyurethane foams using vaTous foamina 
agents. In British Patent No. 1,291,649 proposals have been made to prepare a relatively lo* densit? o?l 
absorbent, polymeric foam by the inclusion of a volatile material into a pre-polymer and the 1 
reduc.ng pressure and perm.tting the volatile material to expand the polymeric materia? to generate the 

In US Patent No 3,988,508 Lissant has disclosed the production of polymeric materials bv 

pSa e b! v a 8r 9 O 50/ n al'Zht TT SYSt6 T h9Vin9 3 hi9h intemal Dhase '«•» of mono^ to water" 
I ^ croSinki^ agtt 9 * '* °* m ° n ° mer W8ter rati ° S in the ran 9 e 20:80 to without 

ho h T ^h StUdY ° f hi9h intern f' Phase emulsions has be en carried out for many years and the basic theorv 
behind their preparation and structure has been discussed by K. J. Lissant in "Surfactant Scfence Series^ 

J B ' |n ]2 S H S '° n TeCh " ol ° gy '' Part 1 < 6dited b * K - J " Li-ant. Marcel DekkeMnc New York' 
1974. In this work Lissant discusses the geometrical packing of droplets in high internal phase emulsion.; 
20 and suggests that especial care must be exercised in selecting emulsifying aaents for s urh rnm^ v 
and that, in the region of 94-97% volume percentage of l«J^^^7ZZ^SS^S!SSl 
interna, phase emulsion (HIPE). Beerbower, Nixon, Philippoff and Wallace of e,»o Resea ch a S 
Engineering Company have studied high internal phase emulsions as safety fue s such comnositinnt 

25 cs M: e 7 a 8 l 9 5 7 9 % 1 b 9 v 69T i9h, of hydrocarbon fuei (ref - American chemi - ,s &^^ssss 

In US Patent No 3,255,127, polymeric materials are disclosed which are prepared by polymerisation in 

rm V u[smer m cat!;s« LnJ'moSSL?^ " *™" ° f ^' S ™^^?S££ 

emuisiner, catalyst and monomer and the emulsion so produced is mixed into a far larger prooortion of 

water, usually containing a stabiliser such as polyvinyl alcohol which keens thP rt™i*T 1 

3 o emulsion in a relatively stable form. Polymerisation^ ^toa^^X B Z&j£t£?^ 

po.ymer P " P °' ymer Wock Whi ° h Ca " readHy be broken d °™ * givea^cu.ate 

In British Patent No 1,576,228 AKZO disclosed the production of thermoplastic microporous cellular 
structures comprising m.crocells having an average diameter of 0.5-100 urn with Sma \Z?aZ^ ™Z 

solvent T'T CeHS - Th6Se StmCtUres are made by dissolvin 9 a «!t!5e^nSp£^ffi~ 

solvent at elevated temperature and then cooling the solution to solidify the polymer and th^ ™ 

the liquid from the thermoplastic polymer structure. This process is clearly limited in it T D \ caTion to 
polymers which can readily be dissolved in appropriate solvents applicat.on to 

In British Patent No. 1.513.939, Ceskoslovenska Akademie Ved also disclosed the production of norm,, 

cTeaTnnt beadS Which ma * be coalesced to fori S mc "vK will 

nnlvlrr h hom °? 8ne °f or in its porosity. The porous beads are prepared by dissolving The 

hP fl rf« ! n T S h h 0 S h Pe a H fiCati0n K NO - 2 '° 00 ' 150 discloses th * Production and use of cross-linked polymeric porous 
beads. The beads may be used to extract components from liquid mixtures and tvoical Ivhaw » IZl 
volume of 2.42 ml/g and are hard enough to be packed into'absorbency columns " P 
British Specification No. 1,458,203 suggests the preparation of shaped cellular articles bv curino an 

emU n S, ^^h nt p a aten?No P V^cLZ^ ? 1° ^f- * ^ ° f mKi" 
= .e-d^ 

emulsions with water contents in excess of 88% by weight water ooiainmg water-m-oil 

nnlvur e Th P /n n r APPliCati0n , EP ~ A - 0 ' 000 ' 933 to BASF discloses *e preparation of low density hydrophobic 
Sn?r- r employina an appropriate blowing agent, but no disclosure of material formed by 
vinyl polymerisation is made. German Application DE— A— 1 saa fiqn to rn„tin.„. , !. . 'ormea Dy 

In addition, these cross-linked polymers have a greater dimensional stability than that of nnlvm 0r = 
which possess a significant elasticity due to their lack of cross-linking polymers 
The present invention provides a porous homogeneous cross-linked polymeric block material formed 
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by vinyl polymerisation from a water-in-oil emulsion, said emulsion containing at least 90% by weight 
water, the dried polymeric block material having a density of less than 0.1 g/cm 3 and being formed in a 
container and having a cross-linked porous structure having a pore volume of more than 9 crnVg and an 
absorbency for hydrophobic liquids, defined in terms of oleic acid, of at least 7 cm 3 /g. 

5 The porous material provided by this invention comprises a series of pores interlinked with pinhole 
apertures, hence giving a material of exceptional absorbency. 

The present invention provides such a porous polymeric material in which the pore system may 
contain an included liquid or air or other gaseous material. 

Accordingly, the present invention also provides a porous polymeric material having a dry density of 

io less than 0.1 g/cm 3 , preferably from 0.02 to 0.08 g/cm 3 , comprising linked pores having a pore volume of 
more than 9 cm 3 /g, preferably more than 15 cm 3 /g, and containing in the pores an aqueous or non-aqueous 
liquid. 

The polymer/liquid composite of the invention preferably consists to an extent of at least 90%, 
preferably at least 95%, by weight of liquid, defined in terms of water. 
15 Because of the structure of the polymer the liquid is retained in the pore system of the polymer and has 
little or no tendency to escape under the influence of gravity, but it can readily be expressed by pressing at 
hand pressure the cross-linked polymer block. 

After the liquid has been expressed from the block, the non-elastic polymer block does not regain its 
original shape or pore structure. 
20 The transfer or replacement of included liquid from the polymer may be carried out in various ways. 

With many liquids which adequately wet the polymer transfer can be achieved by diffusion of the 
liquids. 

In the case of liquids for which the polymer does not have a high affinity, for example, aqueous liquids, 
the transfer operation may be vacuum-assisted. 

2S Clearly this absorbency will be related both to the hydrophobicity of the absorbate and to its viscosity. 
Likewise, if the absorbate acts as a solvent for the cross-linked polymeric material, again, absorbency will 
be reduced since the structure of the polymeric material will be lost. 

It has been observed from microscopic inspection of samples of the porous polymer that it essentially 
comprises a series of substantially spherical, thin-walled cavities having a plurality of holes in the walls 

30 interconnecting the adjacent cavities. Frequently six or more holes can be seen in the cavities on inspection 
of electronmicrographs of polymer samples. It has been determined that the absorbency in terms of 
maximum oil uptake is related to the size of the cavities, expressed in terms of voids diameter and the 
number and size of the holes in the cavity walls, expressed in terms of pinholes. 

In general it is desirable that the average pinhole diameter should not be less than 0.5 pm and the 

35 average void diameter should be at least 20% greater than that figure. 

The mechanism by which the holes are formed in the thin-walled cavities is not fully understood. 
However, experimental work suggests that it is related to the quantity of surfactant present and its 
compatibility with the cross-linked polymer and, hence, also, to the degree of cross-linking in the polymer. 
It is thought that prior to polymerisation the high internal phase emulsion consists of three main elements: 

40 monomer and surfactants in the continuous phase and water in the internal phase. The continuous phased 
which consists of a homogeneous solution of surfactant and the monomer and cross-linking agent and, in 
this situation, the surfactant is compatible with the monomer mixture. It is thought that at this stage there 
are no interconnecting holes present in the external phase. During polymerisation chain propagation takes 
place and as the surfactant is not polymerisable and has no reactive sites in its structure, it cannot take part 

45 in the polymerisation reaction. As a result, the surfactant molecules separate because the surfactant is no 
longer compatible with the growing polymeric structure and is also insoluble in the water phase. Due to the 
nature of a surfactant, the aggregated molecules of surfactant remain part of the polymer phase and 
probably cause the production of weak spots and subsequent pinhole formation in the cross-linked 
polymer film. 

so The homogeneous structure of the porous polymer blocks provided by this invention can be 
contrasted with the structure obtained by compressing together polymer beads. 

Clearly, when porous polymer beads are compressed and bonded together to form a block, many of 
the cavities and interconnecting pores on the surface of the beads will be blocked and form 
non-homogeneous zones in the polymer block and the compressive forces applied will further increase the 
55 density of the porous polymer in these non-homogeneous zones. 

In the blocks provided by this invention the interior of the blocks is homogeneous and, if the outer skin 
of the blocks, which is formed in contact with the container of the emulsion, is removed, then the blocks are 
homogeneous and uniform in pore and cavity distribution. 

Another factor affecting the structure of the porous cross-linked polymer is the structure of the high 
60 internal phase emulsion from which it is formed. This can most readily be defined in concepts of viscosity 
and Table I and II indicate the effect of stirrer speed on two typical emulsions and show the viscosity of 
emulsions produced at different stirrer speeds and the detailed structure of the cross-linked porous 
polymers produced from the emulsions at the different stirring rates. 

The basic emulsion used in the work shown in Table I contained 10 ml styrene, 1 ml divinyl benzene 
65 and 2 grams of Span 80 and 200 ml water containing 0.2% sodium persulphate. The emulsion used for the 
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work in Table II was the same except that 300 ml water were used and in each case the preparation was 
carried out generally as described in Example I below. 

The emulsions were prepared at stirrer speed of 200 rpm and after all the components had been mixed 
the samples of the emulsion were stirred at the speeds shown in the Tables for 30 minutes prior to 
s cross-linking to yield the porous cross-linked polymer samples. 

Viscosity measurements were made used using Brookfield Viscometer fitted with a 'C spindle at, as 
shown in the Tables, 10 and 20 rpm. 

TABLE I 

10 Structure of 

Viscosity of emulsion cross-linked 
for polymerisation polymer (average) 



is 



20 



25 



30 



35 



40 



45 



50 



Motor 
speed 
(RPM) 


10 RPM 
visco- 
meter 

reading 


x10 2 Pa.s 
(x10 3 
poise) 


20 RPM 

visco- 
meter 
reading 


x10 2 Pa.s 
(X10 3 
poise) 


Sphere 
size 
(um) 


Inter- 
connecting 

pore 
size (um) 


200 


12.3 


12.3 


14.5 


7.3 


38.4 


5.3 


300 


21.8 


21.8 


24.5 


12.3 


25.1 


4.1 


500 


23.2 


23.2 


26.5 


13.3 


15.4 


2.8 


800 


50.8 


50.8 


55.0 


27.5 


9.1 


1.6 


1000 


60.8 


60.8 


69.9 


35.0 


8.1 


1.4 


2000 


100+ 


100+ 






7.1 


1.0 






TABLE II 

Viscosity of emulsion 
for polymerisation 




Structure of 
cross-linked 
polymer (average) 


Motor 
speed 
(RPM) 


10RPM 

visco- 
meter 
reading 


xio 2 Pa.s 
(xio 3 
poise) 


20RPM 
visco- 
meter 

reading 


x10 2 Pa.s 
(x10 3 
poise) 


Sphere 
size 
(um) 


Inter- 
connecting 

pore 
size (um) 


200 


7.1 


7.1 


8.0 


4.0 


45.8 


5.4 


300 


13.5 


13.5 


15.0 


7.5 


20.0 


4.0 


500 


18.8 


18.8 


21.5 


10.8 


17.1 


2.4 


800 


34.9 


34.9 


42.4 


21.2 


11.7 


1.5 


1000 


39.7 


39.7 


46.6 


23.3 


8.4 


1.5 


1500 


43.4 


43.4 


54.1 


27.1 


9.0 


1.3 


2000 


55.6 


55.6 


61.8 


30.9 


7.7 


0.95 



55 It will be seen from the tables that the emulsion viscosity has a clear relationship with the pore or cavity 
size of the cross-linked polymer and with the size of the holes or interconnecting passages between the 
cavities. Clearly by selecting the appropriate stirrer speed and hence viscosity of the emulsion the size of 
the cavities in the cross-linked polymer can be quite closely controlled. 

Various monomers may be used in the preparation of the porous polymers provided by this invention 

so and a preferred polymer is a lightly cross-linked polystyrene containing a small proportion of 
divinylbenzene (DVB). Additionally, the polymeric materials have been made using various acrylate 
polymers cross-linked with, for example, allyl methacrylate. 

In general it will be noted that the ratio of sphere or cavity size to the size of the interconnecting pore or 
pinhole is of the order of 7:1. 

65 Preferably, the polymerisation catalyst is in the water phase and polymerisation occurs after transfer of 
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the catalyst into the oil phase. Alternatively, the polymerisation catalyst may be introduced directly into the 
oil phase. Suitable water-soluble catalysts include potassium persulphate and various redox systems such 
as ammonium persulphate together with sodium metabisulphite. Monomer soluble catalysts include 
azodibisisobutyronitrile (AIBN), benzoyl peroxide and di - 2 - ethyl - hexyl - peroxydicarbonate. The 

5 temperature at which the polymerisation is carried out can be varied fairly widely between about 30 and 
90°C, but is clearly related to the particular catalyst initiator employed. 

The surfactant used in making the high internal phase emulsion which is to be polymerised is fairly 
critical, although the long-term stability of the high internal phase emulsion is not an important factor 
provided that it is long enough to maintain stability during polymerisation. Using the well known HLB 

w terminology in relation to the surfactants, it is desirable that the surfactant has an HLB value of less than 6 
and more than 2, preferably about 4. Providing the HLB criterion is met, many surfactants can be used in 
the preparation of the porous cross-linked polymers. Amongst those suitable may be included: 



15 



Nonionic HLB 



Glycerol monoleate 3 8 

Glycerol monoricinoleate 4 0 

20 PEG 200 dioleate 4 6 

Partial fatty acid esters of polyglycerol (Admul Wol 1403 ex Food 
Industries Limited of Bromborough, England) 



2s Castor oil 5 — 10 EO 



40 



3-6 



Cationic 

Distearyl dimethyl ammonium chloride 5_6 

30 Dioleyl dimethyl ammonium chloride 5_6 
Anionic 

Bis-tridecyl sulphosuccinic acid (Na salt) 5_6 

36 . Experimental work has shown that the amount of surfactant in the system is critical and that if 
insufficient surfactant is employed the cavities have insufficient holes to generate the desired absorbency. 

An indication of this effect is shown in Figure 1 of the accompanying drawings which shows the effect 
of the concentration of surfactant on the oil-absorptive abilities of a 96.5% internal phase emulsion 
prepared as described in Example I of th is specification. From this work it will be apparent that the optimum 
concentration of surfactant by weight of monomers is of the order of 20%, but useful results can be 
obtained in the range 5 to 30% and, preferably, 15—25%. 

The polymers provided by this invention can be prepared by first forming a water-in-oil high internal 
phase emulsion system where the oil phase in constituted by the monomer or mixture of monomers 
together with a small amount of a cross-linking agent. The polymerisation initiator or catalyst can be 
45 dissolved in either the water phase or in the oil (monomer) phase. The high internal phase emulsion 
systeem is prepared by the slow addition of the aqueous internal phase to the oil (monomer) phase in 
which the emulsifying agent (surfactant) is preferably dissolved, using a moderate shear stirring 
Conveniently the container in which the polymerisation is carried out is enclosed to minimise the loss of 
volatile monomers and the emulsions are thermally polymerised in the container. The water in the cavities 
so or voids in the polymer structure can be exchanged for other liquids, e.g., an aqueous solution or a 
non-aqueous liquid, or readily removed by subjecting the polymer to a vacuum, or leaving the material to 
dry in a dry atmosphere at between about 30 to 60°C. Liquids can then be reintroduced into the dried 
polymer, preferably after removing the air under reduced pressure. 

The present invention also provides a process for the preparation of a homogeneous porous 
55 cross-linked polymeric block material in which the monomers are polymerised by vinyl polymerisation in a 
container from a water-in-oil high internal phase emulsion comprising, as the internal phase, at least 90% 
by weight of the emulsion of water; the remainder of polymerisable monomers, and from 5 to 30% by 
weight of the monomers of a surfactant with HLB value in the range 2 to 6 selected from anionic nonionic 
and cationic types and mixtures thereof and from 0.005 to 10% by weight of the monomers of a 
so polymerisation catalyst, the dried polymeric block material having a density of less than 0.1 g/cm 3 and 
formed as a cross-linked porous structure having a pore volume of more than 9 cm 3 /g and an absorbency 
for hydrophobic liquids, defined in terms of oleic acid, of at least 7 cm 3 /g. 

The container can be of any convenient shape to ensure that the block prepared can be in the desired 
shape for its intended end-use and does not restrict the processes to containers in which agglomeration of 
65 beads under pressure can be carried out 
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The homogeneous porous cross-linked polymeric block material provided by this invention mav h* 
washed and dned to yield an absorbent b.ock which is especially useful for the abLrpSo^^ 

S t UCh 35 ° lls - The b, ° ck materi a' ^ capable of retaining at least 10 times its own weight of S 
defined in terms of water, preferably at least 15 times and, in its most preferred form, at le^s 35 times i s 
own weight of water, up to a possible maximum of 65 times its own weight ofwae 

The process provided by this invention may be modified in that instead of using water as the internal 
phase an aqueous liquid may be used which contains a useful solute. Such polymerisation ,V, J^ method 
can of course be used only for aqueous liquids that do not destabilise the KghVmm^^em^T^ 

e n mu| S sion 6 ' ' *" ^ C ° ntainin9 h ' flh HLB wh^^^TdSZ the 

oxvn?n^t^hl' iqUidS th u 'V^ 6 f ° r inC,USi ° n by Po'V^erisation in situ is comprised of solutions of 
oxygen bleaches, especially hydrogen peroxide-based bleaches fluxions ot 

invention 0 "™' 09 6XamP ' eS iMUStrate preparation of the P° r ° u * Polymeric materials provided by this 
is The words "Span", "Antarox", "Polyhipe" and "Admul" are registered trade marks. 
Example 1 

]° ml ° f s y re ™> 0-5 ml commercial divinylbenzene containing 0.25 ml ethyl vinylbenzene 2 n 
emulsifier (Sorbrtan monoleate Span 80) were mixed together in a plastic beaker at 15°C a proTeS Aim 
20 was placed over the beaker after the stirrer was positioned to reduce the evaporation of the monorSs tE 
s irrer speed was adjusted to about 300 rpm. 0.7 g of potassium persulphate was d°s o3? ™ ml of 
distilled water and the resulting solution was then added into the beaker drop by drop until the total to ml 
of t e solut,on had been added. In this way a thick creamy white stable emuteton^LSfn^anTthto 
emuls.on was po ymensed in a sealed plastic container at 50°C for three days. The resulting w^ter fi led 
polymer was cut into small blocks and was dried under a dry atmosphere at 25-30°C Thl Hrilri , , led 
has a semi-flexible structure and interconnected voids. T*^^*Z?^ f ^£?£^ 
at least 30 times its own weight of the acid in about 10 minutes; also when the polyme was placed .n a 

wt?ssirjr on,y ,he oieic acid The po, - er - d Mi" 

Example 2 

i l° n «« yre r e ' °- 25 / livin y | b e nzene, 2 ml Span 80 were mixed together at 25°C in a plastic beaker 300 
ml of 0.25% S olut,on of potassium persulphate in distilled water was added to the monomer SaS' 
polymer.sat.on was carried out at 60°C for 8 hours by exactly the same procedure as described iS Example 

ZZV^l^ an^ret^ni 0 Tz2 fmVg" " ^ ^ ^ ^ ^ ' 

Example 3 

40 8 ' 5 J - ml u° f styr , ene ' 10 ml monoctyl itaconate, 0.5 ml divinylbenzene, 0 2 ml di-2-ethvl hpwi 
a P U°5=C toOmTofH ' n.'n ^ ml ° f nonyl Phen °' /1 ' 5 E ^ntarox C02wZeJ^ ge Tel 

w f ,A < '1 '" ed W3 u er WaS added int0 the monomer phase and polymerisation was carried out at 
50 C for 24 hours following the same procedure as set out in Example I. This polymer when placed in 2 

4S s:^'^?^^ weight of oie,c acid - The p °'- er - - *v sssr* 

Example 4 

, « e' ° f St l renB ' 5 m ' ° f butyl meth acrylate,0.25 ml of allyl methacrylate (as a cross-linkino aoent) anri 9 
ml of Span 80 were mixed together at 20°C in a plastic beaker 300 ml of 0 2% sol tin J nTti 

50 ZlT ate w H as add H ed H 10 L he monomer phase and po^^^ 1 ^\^^^Z 

ZZt L 85 'I!?*? ,r \ Exam P le 1 " The dried Po'y^er, when placed in perfume, absorbed about SO 
Sure We ' 9ht ° f PerfUme and subsec ' uent| y «*™*°« it very slowly. Thedried polymer had a fSble 

Example 5 

of 0 1 ? °/ m in^tfn e ' \ m ' divinylbenz f " e (50% etr, y' vinylbenzene), 2 g Span 80 were mixed together 450 ml 
of 0.2 /c, solution of sodium persulphate in distilled water was added to the monomer phase I and tZ 
resulting emulsion was polymerised in exactly the same way as described in Example 1 t£ Voider 
when dned, absorbed about 40 times its own weight of oleic acid. After removing the soluble Impuri Sb^ 
methanol using a soxhlet extractor, the polymer absorbed about 43 times its own weight of o ^ 

Examples 6 to 27 
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Key to materials used in Examples 6 — 27 and set out in Table III 
Materials used in external phase 

Styrene 
butyl styrene 
butyl methacrylate 
ethyl methacrylate 

approx. 50% divinylbenzene+50% ethyl vinyl benzene 
Allyl methacrylate 
n-octadecyl succinic acid ester 
Span 80 (sorbitan mono-oleate) 
Ethomeen 18/12 (bis-(2-hydroxyethyl)octadecylamine) 

Arodobs (Dob 102 acid+Arromox DMHTD alkyl benzene sulphonic acid+dimethyi 
hardened tallow, amine oxide) 

Admul wal 1403 (partial fatty acid esters of polyglycerol) 
benzyl peroxide 

Materials used in internal phase 

20 o water 

P glycerol 

Q sodium persulphate 

R potassium persulphate 

S 2,2-azobis-(2-amidenopropane)hydrochloride 
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TABLE III 


• 












Ex. 6 Ex. 7 


Ex. 8 


Ex. 9 


Ex. 10 


Ex. 11 


5 


Constituents 














A (ml) 


10 10 


10 


10 


5 


5 


10 


B (ml) 
C (ml) 
D (ml) 












15 


E (ml) 
F (ml) 


1 1 


1 


1 


0.5 


0.5 


20 


G (gl 
H (g) 
J 


2 2 


2 


1 




1 


25 


K 
L 








1 




30 


N (% on monomer) 
0' (ml) 
P (ml) 


300 200 


150 


100 


100 


100 


35 


Q (% internal 
phase) 


0.2 0.2 


0.2 


0.08 


0.15 


0.15 


40 


R (% internal 
phase) 

S (% internal 
phase) 












45 


Properties 
% internal phase 
to monomers 


96.5 94.8 


93.2 


90.1 


94.8 


94.8 


50 


Approx. oil 
uptake (w/w) 

Approx. dry 
density g/cm 3 


23 12 
0.04 0.065 


10 

0.082 


8 

0.099 


12 
0.06 


13 
0.06 


55 
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SO 



55 



Constituents 
A (ml) 
B (ml) 
C (ml) 
D (ml) 
E (ml) 
F (ml) 
G (g) 
H (g) 
J 
K 
L 

N (% on monomer) 
0 (ml) 
P (ml) 

Q (% internal 
phase) 

R (% internal 
phase) 

S (% internal 
phase) 

Properties 
% internal phase 
to monomers 

Approx. oil 
uptake (w/w) 

Approx. dry 
density g/cm 3 
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TABLE III contd. 
Ex. 12 Ex. 13 Ex. 14 



Ex. 15 Ex. 16 Ex. 17 



0.5 



100 



0.15 



94.8 



13 



0.06 



10 



200 



0.2 



94.8 
12 

0.065 



0.5 



100 



0.5 



94.8 
15 

♦0.055 



300 



0.2 



96.5 

24 

0.04 



300 



0.2 



96.5 
24 

0.040 



300 



0.1 



96.5 
20 

0.045 



* Dry density after washing with methanol/water. 
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TABLE III contd. 


# 










Ex. 18 Ex. 19 


Ex. 20 


Ex. 21 


Ex. 22 


5 


Constituents 












A (ml) 


1 8 


10 


10 


10 


10 


B (ml) 
C (ml) 
D (ml) 


2 








75 


E (ml) 
F (ml) 


9 

1 


1 


1 


1 


20 


G (g) 












H (g) 


2 2 


2 


2 


2 




J 










25 


K 
L 










30 


N (% on monomer) 




1 








0 (ml) 


300 200 


200 


200 


240 




P (ml) 








60 


35 


Q (% internal 
phase) 


0.1 






0.2 


40 


R (% internal 
phase) 

S (% internal 
phase) 


0.1 




0.1 




45 


Properties 
% internal phase 
to monomers 


96.5 94.8 


94.8 


94.8 


96.5 


50 


Approx. oil 
uptake (w/w) 


20 13 


12 


12 


24 




Approx. dry 
density g/cm 3 


0.042 0.06 


0.06 


0.06 


*0.034 


55 


* Dry density after washing with methanol/water. 
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TABLE III contd. 












Ex. 23 Ex. 24 


Ex. 25 


Ex. 26 


Ex. 27 


5 


Constituents 












A (ml) 


10 15 


15 


15 


15 


10 


B (ml) 
C (ml) 
D (ml) 










15 


E (ml) 
F (ml) 


1 1 


1 


1 


1 


20 


G (g) 












H (g) 


2 1 


2 


3 


4 i 




J 










25 


K 
L 










30 


N (% monomer) 












0 (ml) 


100 200 


200 


200 


200 




P (ml) 


100 








35 


Q (% internal 
phase) 


0.2 0.2 


0.2 


0.2 


0.2 


40 


R (% internal 
phase) 

S (% internal 
phase) 










45 


Properties 
% internal phase 
to monomers 


94.8 92.6 


92.6 


92.6 


92.6 


SO 


Approx. oil 
uptake (w/w) 


13 9 


12 


11 


10 




Approx. dry 
density g/cm 3 


*0.06 0.08 


0.078 


0.083 


0.087 


55 


* Dry density after washing with methanol/water. 
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Example 28 

Polyhipe polymer with silica particles 

10 ml styrene, 1 ml divinylbenzene (50% ethyl vinyl benzene), 1 g® Span 80 and 1.5 g silica (©Aerosil 
R972 ex Degussa) were mixed together. 200 ml of 0.5% sodium persulphate was added to the above 
s mixture and polymerised by the method described in Example 1 to produce a porous material known as 
Polyhipe polymer. After drying, the resulting polymer absorbed about 10 times its own weight of oleic acid. 

Example 29 

Preparation of porous polymer containing a streak-free cleaning composition 
w A liquid cleaning composition was prepared as follows: 



% by weight 



C12— Cis primary straight-chain alcohol, condensed with 7 moles 
is of ethylene oxide 10 



Partial ester of a styrene-maleic anhydride copolymer, neutralised 
to the sodium salt (av.mol.wt. 10,000; theor. acid No. 190) 2 

20 Demineralised water, perfume to 100 

This composition was then diluted 100-fold in demineralised water. 

A polymer was prepared as described in Example 2 and dried under a dry atmosphere at 25 — 30°C.The 
dried polymer was washed out several times with ethanol, using a Soxhlet extractor, and then dried again 
25 in a dry atmosphere at 25— 30°C. It was then filled under vacuum with the diluted liquid composition given 
above. The liquid uptake was 96% by weight. 

The resulting polymeric material containing a liquid cleaning composition was a solid block feeling 
only slightly damp to the touch. Liquid could be expelled only by pressing or squeezing. 

30 Example 30 

With hydrogen peroxide 

Styrene 10 ml 



35 



DVB 1 m| 

Span 80 28 g 

Water (25% hydrogen peroxide 0.2% potassium persulphate) 300 ml 
40 The cross-linked polymer containing H 2 0 2 was used as a stain remover on textile fabric. 
Example 31 

Large scale preparation (26 Kg) 

St Y rene 800 ml 

45 

DVB 80 m | 

Span 80 160 g 

so were mixed together at 20°C in a hydrophobic container, 25 I of water (+0.2% sodium persulphate) were 
added (12 l/hour) to the monomer phase with moderate stirring (using a helical paddle stirrer coated with 
PTFE). 

The resulting emulsion was polymerised at 60°C overnight and yielded a block of homogeneous 
cross-linked polymer according to this invention. 



55 



Claims 



1. A porous homogeneous cross-linked polymeric block material formed by vinyl polymerisation from 
a water-in-oil emulsion, said emulsion containing at least 90% by weight water, the dried polymeric block 

60 material having a density of less than 0.1 g/cm 3 and being formed in a container and having a cross-linked 
porous structure having a pore volume of more than 9 cm 3 /g and an absorbency for hydrophobic liquids, 
defined in terms of oleic acid, of at least 7 cm 3 /g. 

2. A porous homogeneous cross-linked polymeric block material as claimed in claim 1 and containing, 
included in the pores, an aqueous or non-aqueous liquid. 

65 3. A process for the preparation of a homogeneous porous cross-linked polymeric block material in 
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which the monomers are polymerised by vinyl polymerisation in a container from a water-in-oil high 
internal phase emulsion comprising, as the internal phase, at least 90% by weight of the emulsion of water; 
the remainder of polymerisable monomers, and from 5 to 30% by weight of the monomers of a surfactant 
with HLB value in the range 2 to 6 selected from anionic, nonionic and cationic types and mixtures thereof 
5 and from 0.005 to 10% by weight of the monomers of a polymerisation catalyst, the dried polymeric block 
material having a density of less than 0.1 g/cm 3 and formed as a cross-linked porous structure having a 
pore volume of more than 9 cm 3 /g and an absorbency for hydrophobic liquids, defined in terms of oleic 
acid, of at least 7 cm 3 /g. 

4. A process as claimed in claim 3, in which the water included in the pores of the polymer block is 
to exchanged with an aqueous solution or a non-aqueous liquid. 

5. A process as claimed in claim 3, in which the water in the internal phase also contains a useful solute. 

Patentanspruche 

75 1. Poroses homogenes vernetztes polymeres Blockmaterial, gebildet durch Vinylpolymerisation einer 
Emulsion von Wasser in Ol, wobei die Emulsion mindestens 90 Gewichts-% Wasser enthalt, das 
getrocknete polymere Blockmaterial eine Dichte von weniger als 0,1 g/cm 3 besitzt und in einem Behalter 
gebildet wird und eine vernetzte porose Struktur mit einem Porenvolumen von mehr als 9 cm 3 /g und eine 
Absorptionsfahigkeit fur hydrophobe Fliissigkeiten, definiert in bezug auf Olsaure, von mindestens 7 cm 3 /g 



2. Poroses homogenes vernetztes polymeres Blockmaterial nach Anspruch 1 und, eingeschiossen in 
den Poren, eine waBrige oder nicht-waBrige Flussigkeit enthaltend. 

3. Verfahren zur Herstellung eines homogenen porosen vernetzten polymeren Blockmaterials, in 
welchem die Monomeren durch Vinylpolymerisation in einem Behalter aus einer Emulsion mit hoher 

25 interner Phase von Wasser in Ol polymerisiert werden, enthaltend, als interne Phase, mindestens 90% 
Wasser, bezogen auf das Gewicht der Emulsion, und im ubrigen polymerisierbare Monomere und 5 bis 
30% oberflachenaktive Substanz, bezogen auf das Gewicht der Monomeren, mit einem HLB-Wert im 
Bereich von 2 bis 6, ausgewahlt aus anionischen, nichtionischen und kationischen Typen und Mischungen 
daraus, und 0,005 bis 10% Polymerisationskatalysator, bezogen auf das Gewicht der Monomeren, wobei 

30 das getrocknete polymere Blockmaterial eine Dichte von weniger als 0,1 g/cm 3 besitzt und als vernetzte 
porose Struktur mit einem Porenvolumen von mehr als 9 cm 3 /g und einer Absorbierfahigkeit fur 
hydrophobe Flussigkeiten, definiert in bezug auf Olsaure, von mindestens 7 cm 3 /g ausgebildet ist. 

4. Verfahren nach Anspruch 3, worin das in den Poren des Polymerblocks eingeschlossene Wasser 
gegen eine waBrige Losung oder eine nicht-waBrige Flussigkeit ausgetauscht wird. 

3s 5. Verfahren nach Anspruch 3, worin das Wasser in der internen Phase auBerdem einen brauchbaren 
gelosten Stoff enthalt. 

Revendications 

40 1. Materiau en bloc a base de polymere reticule, poreux et homogene, forme par polymerisation 
vinylique a partir d'une emulsion eau-dans-huile, ladite emulsion contenant au moins 90% en poids d'eau, 
le materiau en bloc a base de polymere seche ayant une densite inferieure a 0,1 g/cm 3 , etant formee dans 
un recipient et presentant une structure poreuse reticulee dont le volume de pores est superieur a 9 cm 3 /g 
et possedant un pouvoir absorbant des liquides hydrophobes, defini pour I'acide oleique, d'au moins 7 



2. Materiau en bloc a base de polymere reticule, poreux et homogene selon la revendication 1 et 
contenant, incorpore dans les pores, un liquide aqueux ou non aqueux. 

3. Procede de preparation d'un materiau en bloc a base de polymere reticule, homogene et poreux 
dans lequel les monomeres sont polymerises par polymerisation vinylique dans un recipient a partir d'une 

50 emulsion a phase interne 6levee eau-dans-huile, comprenant a titre de phase interne, au moins 90% en 
poids de I'emulsion d'eau, le complement etant constitue de monomere polymerisable, et 5 a 30% par 
rapport au poids des monomeres d'un surfactif ayant un indice HLB de 2 a 6 choisi parmi les produits 
anioniques, non ioniques, cationiques et leurs melanges et de 0,005 a 10% par rapport au poids des 
monomeres d'un catalyseur de polymerisation, le materiau en bloc a base de polymere seche ayant une 

55 densite inferieure a 0,1 g/cm 3 et etant forme en une structure poreuse reticulee presentant un volume de 
pores de plus de 9 cm 3 /g et un pouvoir absorbant des liquides hydrophobes, defini comme I'acide oleique, 
d'au moins 7 cm 3 /g. 

4. Procede selon la revendication 3, dans lequel I'eau incorporee dans les pores du bloc polymere est 
remplacee par une solution aqueuse ou par un liquide non aqueux. 

60 5. Procede selon la revendication 3, dans lequel I'eau dans la phase interne contient egalement un 
solute utile. 



20 aufweist. 



45 cm 3 /g. 
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